A discrete time genetics model is developed for populations that are undergoing selection due to infectious disease. It is assumed that the generation time of the host and infectious agent are non-synchronous and that only the host population is evolving. Two classes of epidemic processes are considered. The first class is for infectious agents that confer immunity following infection, while the second class is for those that do not confer immunity. The necessary and sufficient conditions are found in order for the disease to persist in a stable polymorphic host population. These conditions are shown to depend on the density of susceptibles, the selection coefficients, and the severity and class of the disease process.
Introduction
A proposition of considerable epidemiological importance is that host genetic variability is partially responsible for the maintenance of infectious disease in populations. Moreover, the proposition that infectious diseases act as important selective forces for maintaining polymorphisms in host populations is an intriguing part of theories of evolution. Epidemiologists have observed that human populations vary considerably in both susceptibility and response to infection, and have suggested that there may be genetic mechanisms acting. The most striking example is the resistance of erythrocytes containing HbS (i.e., the sickle-cell trait) to infection by Plasmodiumfalciparum malaria parasites [7] and the resistance of the Duffy-blood-group-negative erythrocytes, FyFy, to infection by Plasmodium vivax malaria parasites [14, 15] . With regard to host response to infection, there is generally indirect evidence of genetic variation. Such an effect may be demonstrated by the marked variation among children in the severity of diseases produced by highly infectious organisms such as chicken pox. Specific resistance genes for infectious agents affecting humans have been located in mice. These agents include I.M. Longini, Jr.
the etiological agents of visceral leishmaniasis and scrub typhus [17] . Mice have also demonstrated marked genetic variation in susceptibility to salmonella infections. Bremermann [4] has hypothesized that the high degree of polymorphisms of host defenses may be a strategy of dealing with myriad evolving pathogens.
The co-evolution of host and pathogen may be important in maintaining polymorphisms in both groups. Several authors have developed mathematical models of the co-evolution of pathogens and their hosts [10, 20] . Lewis [12] gives an excellent summary of this work as well as new results. Most of these models have been limited to the case where the pathogen and host have the same generation time. These "synchronized" generation models are inappropriate for most human and animal diseases because while the generation time of the host is on the order of many years, that of the pathogen may be only a matter of a few days. Therefore, a model which allows for non-synchronous generations is needed.
Gillespie [8] developed a model for non-synchronous populations involving those infectious diseases which confer immunity following infection and where only the host evolves. Lewis [12] analyzed Gillespie's model for haploid populations and gave the sufficient conditions for maintaining a stable polymorphism in the host. Kemper [11] has worked with epidemic models for diseases that do not confer immunity following infection and where both genetic and epidemic components are continuous in time. The purpose of this paper is to extend the work of Gillespie and Lewis to account for a wider variety of infectious disease processes, including those which do not confer immunity following infection. Except for malaria, no attempt is made to relate the results of this paper directly to the diseases described above. However, the approach and a generalization of the results presented here should prove useful in understanding other specific disease-gene interactions.
Basic Genetics Model
An important assumption is that the generation time of the host is much longer than that of the pathogen. The host has discrete, non-overlapping generations such that the epidemic process runs its course within each host generation. Analysis will be limited to single-locus diallelic populations. Since the qualitative results are the same for the haploid and diploid populations considered in this paper, the simpler haploid population will be presented first. It is assumed that there is no migration or mutation and that the population size is large (conceptually infinite). Let the two alleles A and a occur with frequencies p and q = 1 -p. Then, using standard population genetic arguments (e.g., Crow and Kimura, 1970: p. 179) , the frequency of A in the next generation will be pwl p' -,
where # = pwl + qw2. The wi's represent relative fitnesses that depend on the level of infection during the current generation. The level of infection J[k(p), a] is defined as the probability that a genetically susceptible individual is infected (or chronically infected, depending on the epidemic process envisaged) during a generation. The function/~(p) is defined as the average density of the susceptible
